Twenty-five microsatellites from Atlantic bluefin tuna ( Thunnus thynnus thynnus ) were characterized. All 25 microsatellites were polymorphic; the number of alleles among up to 56 individuals surveyed ranged from two to 23. Atlantic bluefin tuna are highly exploited and major questions remain as to stock structure and abundance in the eastern and western North Atlantic. The microsatellites will be useful in testing stock-structure hypotheses and in generating estimates of effective population size. The polymerase chain reaction primer sets developed also amplified identifiable alleles in three other species of genus Thunnus : T. albacares (yellowfin tuna), T. alalunga (albacore tuna) and T. obesus (bigeye tuna).
Atlantic bluefin tuna ( Thunnus thynnus thynnus ) are among the world's largest and most economically valuable fish and are, therefore, highly exploited, with the current spawning stock biomass much less than that needed to generate sustainable yields (ICCAT 2000) . A highly contentious issue is whether two discrete stocks, one in the eastern North Atlantic and one in the western North Atlantic, exist. Historical evidence for the stock structure of bluefin tuna in the North Atlantic was reviewed in Magnuson et al . (1994) and included genetic, life history and other (e.g. parasite distribution) characters. McDowell et al . (2002) briefly reviewed more recent studies (Broughton & Gold 1997; Takagi et al . 1999; Reece & Graves, unpublished data) that employed hypervariable, nuclear-encoded markers (microsatellites and single-copy-nuclear DNA). These latter studies, however, were inconclusive on the issue of discrete stocks. A second, no less contentious issue, concerns the abundance of Atlantic bluefin tuna and whether differences in abundance exist between the (putative) eastern and western stocks. Here, we report the characterization of 25 microsatellite markers from Atlantic bluefin tuna DNA. The markers should prove useful in testing stock-structure hypotheses (models) and in generating estimates of effective population size (e.g. Hauser et al . 2002; Turner et al . 2002) as a genetic means to estimate abundance.
The methods used to generate microsatellites generally followed Broughton & Gold (1997) . Approximately 400 ng of bluefin genomic DNA were digested with Sau 3AI. Fragments in the range 400 -1000 bp were excised from a 1% agarose gel and ligated using T4 DNA ligase (BRL) into a multicloning site within the LacZ gene of a Pgem-3Zf(+) vector, transformed into DH10B-Beta electrocompetent cells (Life Technology) via electroporation and plated onto Luria-Bertani (LB)/ampicillin/IPTG/X-Gal plates. Colonies with inserts (white) were picked and transferred to LB-filled microplates for further screening of transformants; cells from individual wells of a microtiter plate were collected and used to inoculate a Hybond nylon membrane (Amersham) on top of a slab of LB agar plus ampicillin. Each colony was spotted twice to eliminate false positives. After overnight incubation at 37 ° C, colonies were lysed and DNA affixed to a membrane. Appropriate 'prehybridized' membranes were probed with separate cocktails of γ 32 P-labelled di-, tri-and tetraoligonucleotides. A total of 150 candidate microsatellites (out of 291 'positive' clones) were polymerase chain reaction (PCR) amplified using universal M13 primers and the PCR products obtained were cleaned with p-20 DNA miniprep columns (Quiagen). Sequencing reactions were performed using the same M13 primers and run on an ABI 377 DNA sequencer (Applied Biosystem).
Microsatellite-like motifs were identified in about 75 of the clones. The PCR primers and approximate associated annealing temperatures were designed for 67 of these using primer select (GCG Wisconsin package, Oxford Molecular, Molecular Simulation, Inc.). Amplification by the primers was then tested under a variety of experimental conditions. Amplifications were performed in an Omn-E thermal cycler in 96-well plates and involved end-labelling (using T4 polynucleotide kinase) one primer of each pair with [γ 32 P]-dATP. Reactions contained approximately 5 ng of sample DNA, 0.1 U of Taq DNA polymerase, 0.5 µm of each primer, 200 µm of each dNTP, 1 mm MgCl 2 and 1× Taq buffer, pH 9.0 (500 mm KCl, 100 mm Tris, 10% Triton-X 100), in a total volume of 10 µL. Amplifications consisted of 30 cycles of denaturation at 95 °C for 45 s, annealing at 57-60 °C for 30 s, extension at 72 °C for 1 min and final extension at 72 °C for 10 -60 min. The PCR products were electrophoresed in 6% polyacrylamide gels and visualized by autoradiography.
A subset of 36 PCR primer pairs were tested for experimental tractability [reproducibility, consistency, range of allele size, frequency of 'stutter' bands (if present) and microsatellite polymorphism] by screening a panel of DNAs isolated from eight to 10 fish. A total of 25 primer pairs were then used to screen DNAs from up to 56 fish sampled from the northern Atlantic. Genotypes at polymorphic microsatellites were tested for conformity to HardyWeinberg (HW) expectations and for (pairwise) genotypic disequilibrium.
Summary data for the 25 microsatellites are given in Table 1 . Estimates of expected and observed heterozygosity and F IS were obtained using genetix version 4.05 (Belkhir et al. 1996 (Belkhir et al. -2002 . The probability of departure from HW equilibrium (P HW ) and of genotypic disequilibrium between pairs of microsatellites were assessed using a Markovchain method (Guo & Thompson 1992) , as implemented in genepop version 3.3 (Raymond & Rousset 1995) and using 5000 dememorizations, 500 batches and 5000 iterations per batch. Sequential Bonferroni correction (Rice 1989 ) was applied for all multiple tests performed simultaneously. The 25 microsatellites included a number of 'perfect' dinucleotide (15) and tetranucleotide (two) repeat motifs, five 'imperfect' repeat motifs (containing mixtures of dinucleotide repeats) and three compound repeats. Lengths of the cloned sequences ranged from 92 to 270 bp (GenBank Accession nos AY396520 -AY396544). Annealing temperatures ranged from 57 to 60 °C and all 25 microsatellites were polymorphic, with the number of identified alleles ranging from 2 to 23 (avg. 10.3). Expected and observed heterozygosity over all microsatellites ranged from 0.237 to 0.934 and 0.245 -0.960, respectively. Genotypes at two microsatellites (Tth 10-43 and Tth 23-6) differed significantly from HW expectations following sequential Bonferroni correction (Rice 1989 The 25 primer pairs also were used to screen DNAs from up to 10 individuals each of yellowfin tuna (T. albacares), albacore tuna (T. alalunga) and bigeye tuna (T. obesus). All 25 primer pairs, except those for Tth 114 in T. alalunga, amplified scorable PCR products in all three species under the same conditions as those designed for T. thynnus. Identified alleles ranged from three to 16 (avg. 8.0) in T. albacares, two to 13 (avg. 7.2) in T. alalunga and two to 15 (avg. 7.7) in T. obesus.
